Abstract A sum of 48 accessions of physic nut, Jatropha curcas L. were analyzed to determine the genetic diversity and association between geographical origin using RAPD-PCR markers. Eight primers generated a total of 92 fragments with an average of 11.5 amplicons per primer. Polymorphism percentages of J. curcas accessions for Selangor, Kelantan, and Terengganu states were 80.4, 50.0, and 58.7%, respectively, with an average of 63.04%. Jaccard's genetic similarity co-efficient indicated the high level of genetic variation among the accessions which ranged between 0.06 and 0.81. According to UPGMA dendrogram, 48 J. curcas accessions were grouped into four major clusters at coefficient level 0.3 and accessions from same and near states or regions were found to be grouped together according to their geographical origin. Coefficient of genetic differentiation (G st ) value of J. curcas revealed that it is an outcrossing species.
Introduction
Physic nut, Jatropha curcas L. a member of the family Euphorbiaceae [1] , is one of the important oil seed crops and a potential source of vegetable oil as a replacement for petroleum and in particular, the production of biodiesel [2] . It is a native of tropical America [3] [4] [5] and has been introduced into many parts of the tropics and subtropics [6] . This plant is grown well in marginal soils in semiarid tropics [7] .
J. curcas plantation area in Malaysia, at the end of 2008 was estimated at 750,000 acres [8] that means this plant could adapt itself to the environmental conditions in different parts of the Malaysia. Previous studies in J. curcas have focused on genetic diversity in the India and China [9] [10] [11] [12] . Details morphological descriptions of J. curcas were also carried out in India [9] [10] [11] 13] .
Molecular methods are supporting the classic methods such as morphological and physiological traits [14] but the advantage of these techniques is their capacity to detect genetic diversity at an higher level of resolution than other methods [15] . For the estimation of genetic diversity, different molecular methods, e.g., restriction fragment length polymorphisms (RFLPs), amplified fragment length polymorphisms (AFLPs), simple sequence repeats (SSRs) and random amplified polymorphic DNA (RAPD) are available and have been applied in many crop species [16] [17] [18] [19] . Several molecular markers were employed previously by a number of investigators to understand the genetic diversity among and within J. curcas genotypes and to group them according to genetic similarity [6, 20] . The study of genetic diversity to identify groups with similar genetic backgrounds is important for conserving, evaluating, and utilizing genetic resources of pre-breeding and breeding germplasm [21] . So, the proper understanding of the magnitudes and patterns of genetic divergence in J. curcas has important implication for hybridization programmes. Phenotypic traits are routinely used for estimating genetic diversity but are not successful due to strong environmental effect. Use of molecular markers has complemented the classical method [22] .
To date, no information is available on molecular genetic diversity of J. curcas in Malaysia. Therefore, this study was conducted using RAPD-PCR technique to assess genetic variation among 48 J. curcas accessions collected from different parts of Malaysia.
Materials and methods

Plant materials
A total of 48 wild and semi-wild type accessions of physic nut were collected from different locations of the Selangor, Terengganu, and Kelantan states of Malaysia (Table S1 ) and were planted in University Agriculture Park, Universiti Putra Malaysia (101.71655 N, 3.0059 E) in 2009. Young leaves were collected from 21-days-old nursery-grown accessions and stored at -80°C until DNA isolation.
DNA extraction
Total genomic DNA was extracted using the CTAB (hexadecyltrimethylammonium bromide) method with some modification. About 0.1 g of leaf tissue was ground in liquid nitrogen and was taken into a 2 ml microcentrifuge tube. To grind sample, 800 ll of extraction buffer [100 mM Tris-HCl pH 8.0, 20 mM EDTA (ethylenediaminetetraacetate) pH 8.0, 1.4 mM NaCl, 2% (w/v) CTAB, 2% (w/v) PVP (polyvinylpyrrolidone) and b-mercaptoethanol] was added and incubated at 65°C for 1 h. The sample was extracted with 600 ll chloroform: isoamyl alcohol (24:1 (v/v)) and the resultant supernatants were transferred to a new microcentrifuge tube. The air-dried pellet was re-suspended in 50 ll TE buffer (10 mM TrisHCl pH 8.0, 1 mM EDTA and pH 8.0) and 2 ll (10 g/ml) RNAse. DNA samples were stored at -20°C prior to RAPD analysis.
RAPD-PCR protocols
For RAPD analysis of genomic DNA, 10-base primers from Operon Technologies, Alameda, USA, were chosen. A total of 20 primers from Operon RAPD primer (Operon Technologies, Alameda, USA) were screened.
The polymerase chain reaction (PCR) was adjusted to 20 ll containing 2 ll PCR 109 buffer (contains 15 mM Eight microliters of each sample was mixed with 1.5 ll of loading dye blue (69) (2.5% Ficoll-400, 11 mM EDTA, 3.3 mM Tris-HCl (pH 8.0), 0.017% SDS and 0.015% bromophenol blue (BioLabs Inc.) and the sample was separated in a 1.8% agarose gel in 19 TBE buffer. The samples were run at 70 V for 90 min. Gels were then visualized using UV light. An imaging system (ChemilImager TM Gel Doc., Alpha Innotech Corporation, California, USA) was used to record the gels as a JPEG file.
DNA quantification
DNA was quantified by using nano-drop spectrophotometer (ND1000, spectrophotometer). For re-quantification, DNA was run on 1% agarose gel electrophoresis using 19 TAE buffer at 5-8 V/cm for 30 min and visualized under UV light by staining with 0.1 lg/ml ethidium bromide. DNA was diluted with sterile distilled water to a concentration of 50 ng/ll for PCR analysis and kept in a refrigerator of -20°C.
Data scoring
Banding pattern for each primer was scored using 'UVI-DOC' software and fragment sizes were estimated based on DNA ladder mix (Fermentas International Inc.). Alleles were designated based on fragment size; bands were scored as diallelic (1 = band present, 0 = band absent) and stored in an excel spreadsheet (Microsoft) file as well as in NEXUS format. The agarose gel electrophoresis data was used to calculate the number of bands produced by each primer, the percent of bands shared by all varieties of J. curcas, as well as the percent of bands which were unique to only one variety. The data was also used to calculate the percent of polymorphic loci (P).
Data analysis
In order to assess the genetic structure among J. curcas accessions, eight RAPD markers were analyzed using NTSYS-pc [23] . The coefficients of genetic similarity for all pair-wise comparisons were computed using Jaccard's coefficient, and then the distance matrix was subjected to cluster analysis by the unweighted paired group method using arithmetic average (UPGMA) to produce a dendrogram. Principal component analysis (PCA) analysis was also carried out.
The percentages of polymorphic bands (PPB), effective allele number (n e ), gene diversity (h), and Shannon's information index were calculated to estimate genetic variation. Genetic differentiation between population was analyzed for polymorphism between populations by G st . Gene flow (Nm) was estimated from, G st = 1/(1 ? 4 Nm) [24] . Where, N is the effective population size and m is the fraction of individuals in a population that are immigrants, was estimated [25] using the software POPGENE version 1.3.1 [26] .
Results
Primer screening
A total of 20 primers were screened for their ability to amplify the genomic DNA in 48 J. curcas accessions. Twelve of these primers amplified no fragments. The remaining eight primers generated a total of 92 fragments with an average of 11.5 polymorphic bands per primer (Table S2 ). The numbers of polymorphic bands per accession for each primer are shown in the Table S3 . The RAPD amplification profile produced by primer OPA 04 (5 0 -GTGTGCCCCA-3 0 ) is shown in Fig. 1 .
Genetic diversity within states
Percentages of polymorphic bands for Selangor, Kelantan, and Terengganu states were 80.43, 50, and 58.7%, respectively, with an average of 63.04% (Table S4 ). The observed number of alleles per locus (n a ) were 1.5000, (Table S4 ). The Nei's (1973) total genetic diversity (H t ), genetic diversity within states (H s ), and the coefficient of genetic differentiation (G st ) were 0.2559, 0.1895, and 0.2594, respectively (Table S5 ). The average amounts of gene flow (Nm) among the populations (states) within population were estimated to be 1.428 and 0.855, respectively.
Cluster analysis
Jaccard's genetic similarity co-efficient indicated the high level of genetic variation among the accessions which ranged between 0.06 and 0.81 (Table S6 ). The highest genetic similarity co-efficient (0.81) was observed between B-03-02 and B-05-06, the lowest value (0.06) was measured between T-01-10 and B-05-01. The UPGMA cluster analysis of the Jaccard's similarity coefficient generated a dendrogram (Fig. 2) which illustrated the overall genetic relationship among the accessions. According to the analysis, 48 J. curcas accessions were grouped into four major clusters at coefficient level 0. In PCA three-dimensional graph for RAPD analysis, 48 accessions also was clustered into four groups (Fig. 3) . The cluster I consisted of the accessions of Selangor state while D-03-01 showed a single cluster, IV. Rest of the accessions were clustered into two groups. In PCA, the first three principal components (PC) accounted for 72.88% of the total variation among the 48 accessions of J. curcas and these 3 components, PC1, PC2, and PC3 showed 35.25, 22.88, and 14.75% variation, respectively (Table S7) Thus, PC1 was responsible for the separation of the plant group I from other groups (Table S7) .
Discussion
RAPD-PCR fingerprinting in any crop species requires selection of primer combinations that provide sufficient and reliable information. The number of polymorphic fragments detected per primer combination was variable and ranged from 5 to 16, with an average of 11.5. Previous studies using RAPD markers in J. curcas confirmed the presence of variability among different primer combinations in detecting polymorphisms among accessions [6, 27, 28] . Polymorphism percentages of J. curcas accessions for Selangor, Kelantan, and Terengganu states were 80.43, 50, and 58.7%, respectively, with an average of 63.04%. Similarly, higher polymorphism also noticed in J. curcas in Fig. 2 Cluster analysis of 48 Jatropha curcas accessions based on RAPD data different countries. Tatikonda et al. [5] observed 88% polymorphism among J. curcas accessions using seven AFLP primer combinations while Sudheer Pamidiamarri et al. [29] observed 97.25% polymorphism among different Jatropha spp. using 27 AFLP primer combinations. Sun et al. [12] reported 70 polymorphic loci in total among 58 J. curcas accessions using seven AFLP primer combinations. On the other hand, very low or no polymorphism was detected from J. curcas using SSR markers as reported by several authors [12, 20, 30] .
Jaccard's genetic similarity co-efficient varied from accession to accession. The highest genetic similarity coefficient was observed between J. curcas accessions, B-03-02 and B-05-06 while the lowest value was measured between T-01-10 and B-05-01. Similar wide range in similarity values had also been observed in different species of Jatropha [27] . UPGMA cluster analysis of the Jaccard's similarity co-efficient was employed to observe the genetic relationship among 48 J. curcas accessions. According to the dendrogram constructed using RAPD markers, accessions from Selangor state clustered separately from other accessions. The three dimensional PCA plot also clearly differentiated the accessions of Selangor state from the two remaining populations. This indicated the genetic divergence of Selangor accessions quite different from all other accessions. These results partially reflected in morphological variations between the accessions of J. curcas as described by Shabanimofrad et al. [31] . These observations were in agreement with their differences of ecological adaptation from other accessions. Therefore, cluster analysis grouped the almost accessions according to their geographical regions. Similar findings also reported by several authors in J. curcas using RAPD and AFLP markers [5, 29, 32] .
Genetic structure is an important feature reflecting gene flow, mating system in a population, and extent of population diversity [33] . Nybom and Bartish [34] estimated mean G st value of 0.59, 0.19, and 0.23 for selfing, mixed mating, and outcrossing plants, respectively. Based on the general understanding of association between genetic structure and breeding systems, our study showed that J. curcas is an outcrossing species, because the value of G st is 0.2594 which is near to 0.23. Gene flow is one of the evolutionary forces that causes significant impact on the genetic structure of a population. In the absence of gene flow, genetic drift will cause isolated populations to develop different allele frequencies at neutral loci, leading to population differentiation. In this study, presence of gene flow among the J. curcas accessions was evident from the distribution of the accessions in the three states of Malaysia. Similar results also reported by Phan et al. [35] .
Conclusions
The genetic relationship of 48 J. curcas accessions collected from Selangor, Kelantan, and Terengganu states of Malaysia was analyzed using 92 fragments generated by eight RAPD primers. The genetic similarity computed from RAPD data, using Jaccard's (1908) formula, ranged from 6 to 81%, indicating a high level of genetic diversity. UP-GMA dendrogram showed four major clusters. The accessions from same and near states or regions were found to be grouped according to their geographical origin.
